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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to copolymers and resins for use as adhesives and binding agents in the pro- 
duction of wood-based products, particularly in the manufacturing of composite boards. The compositions of these 
copolymers and resins comprises a blend of phenol, formaldehyde, urea and melamine with catalysts to effect quick 
curing and hardening. The invention also relates to a stable blend of adhesive resin precursor which can be rapidly 
activated by addition of a suitable catalyst. Moreover, the invention relates to a method of making the novel adhesive 

10 resin. 

BACKGROUND OF THE INVENTION 

[0002] The production of composite wood material such as plywood, partide board, wood fibre board etc, relies on 
is the use of adhesive resins. Most of these resins are composites of two or more of the following: urea(U), formaldehyde 
(F), phenol (P) and melamine (M). The prior art is replete with examples of various melamine-formaldehyde (MF), urea- 
formaldehyde (UF), phenol-formaldehyde (PF) and phenol-melamine-urea-formaldehyde (PMUF). Other known resins 
are based on 4,4'-diphenylmethane diisocyante (MDI). 

[0003] Various drawbacks are associated with each known resin. For example, for most UF and MUF resins, of main 
20 concern is the unwanted release of formaldehyde into the environment once the composite board is constructed: MUF 
resins are somewhat better on this point since the melamine component scavenges free formaldehyde. Increasing the 
U/F ratio is advantageous for reducing formaldehyde emission but leads to the drawbacks of higher viscosity, lower 
water resistance, lower strength and slower curing rate. 

[0004] MDI resins are commonly used in industry but surfer from the drawback of undesirable mat sticking to the . 
25 caul plates or platens used to compress and bind wood particles into shaped boards. This drawback has led MDI 
producers to sell release agents increasing the overall cost of the MDI resin system. 

[0005] MF resins have the drawback of high cost and low water miscibility. The prior art has suggested the production 
of PMUF resins with phenol present in a proportion of less than 10%wt. Such products have found application as 
cement additives rather than composite wood adhesives. USP 4,458,049 thus teaches the preparation of aqueous 
30 solutions of condensates of PMUF resins comprising sulfite additives. The addition of sulfite apparently results in de- 
creasing the release of formaldehyde after processing and curing. 

[0006] USP 4,382,847 teaches compositions of bonded products of cellulose or cellulose derivatives using as an 
adhesive the condensation resin between formaldehyde and urea, melamine or phenol without teaching any component 
compositions. One important drawback of this particular resin is its requirement for irradiation to improve cross-linking 

35 and reduce uncured areas of adhesive resin. 

[0007] In USP 4,831,089, 4,857,609 and 4,954,581 Foldman et al. also teach a method of producing resins com- 
prising P, M, U and F. This method requires the preparation of a pre-condensate of U/F to which the cross-linking agent 
in the form of the co-condensate P/U resin is added under acidic (pH 4-6) conditions. The reaction is stopped by 
alkalinization, thereby forming the resin to which additional U is added. Melamine may be optionally added to the pre- 

40 condensate mixture. This method requires that two mixtures be prepared separately and then combined to form the 
resin, once combined more urea is added to scavenge for free F. This multi-step preparation is costly. Moreover, excess 
urea added to decrease formaldehyde emission, increases the viscosity, lowers water resistance, decreases the 
strength and decreases the curing rate of the resin. In addition, once the resin has hardened, formaldehyde emission 
continues. 

45 [0008] In summary, the prior art has failed to suggest the production of PMUF resins with phenol present in a pro- 
portion higher than 1 0%wt. Similarly, the prior art fails to report resins having melamine ratios higher than 27%wt. None 
of the known prior art resins combine proportions of phenol nearing 10%wt or higher and at the same time proportions 
of melamine nearing 25wt% or higher. The following table outlines the resins compositions reported in the prior art. 
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PRIOR ART RESINS 


US Patent 


Example 


% Formaldehyde (total 
F + UF) 


% 
Phenol 


% 

Melamine 


% Urea (total U + UF) 


4,382,847 




no experimental data available 


4,458,049 


ex 1 


25.71 


4.99 


18.50 


20.98 




ex 2 - 


23.18 


3.98 


20.87 


23.02 
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(continued) 



5 



10 



15 



20 



25 



PRIOR ART RESINS 


US Patent 


Example 


% Formaldehyde (total 
F + UF) 


% 
Phenol 


% 

Melamine 


% Urea (total U + UF) 




comparative example 


23.14 


3.98 


21.00 


23.00 




ex 3 


25.20 


4.45 


15.60 


28.00 




ex 4 


30.68 


4.66 


12.88 


20.04 




ex5 


25.18 


2.30 


22.70 


20.52 


4,831,089 


ex 1 


23.43 


0.42 


26.12 


17.98 




ex 2 


24.59 


2.28 


11.28 


31,52 




ex 3 


23.11 


0.42 


25.76 


19.11 




ex 4 


23.76 


0.55 


21.13 


23.55 


4,857,609 


ex 1 


25.17 


1.05 


1.26 


44.55 




ex 2 


no experimental data available 




ex 3 


24.32 


1.01 


1.22 


46.42 




ex 4 


24.32 


1.01 


1.22 


46.42 


4,954,581 


ex1 


25.17 


1.05 


1.26 


44.55 




ex 2 


no experimental data available 




ex 3 


24.32 


1.01 


1.22 


46.42 




ex 4 


24.32 


1.01 


1.22 


46.42 



30 . 

[0009] Thus, there remains an important commercial need for adhesive resins that are clear, homogenous, miscible, 
of low viscosity and suitable for easy and even spraying or blending with wood composites. There is great commercial 
need for such a resin which would also remain stable until ready for use and which would cure evenly and quickly once 
a composite wood product is assembled. There is also a need to provide a method for making these resins that is easy 
3S clean, efficient and cost effective. There is a further need to have resins that are consistent from batch to batch, cure 
quickly and evenly and, meet the low formaldehyde emission standards. Overall, new resins must be commercially 
competitive, provide good storage stability, fast curing speeds, low required press temperatures and good strenght, 
flexiblity characteristics once cured. 

[0010] The present invention seeks to meet these and other needs by providing a novel and unexpected PMUF 
4 o resinous composition containing greater amounts of incorporated phenol (?) and melamine (M) than reported in the 
prior art and with advantageous properties of stability, miscibility with water, low viscosity, homogeneity, speed of curing 
and once cured toughness, water resistance and low formaldehyde emissions. Such advantageous properties being 
so far unknown in the prior art and of great commercial import. 

[0011] Other objects and further scope of applicability of the present invention will become apparent from the detailed 
45 description given hereinafter. It should be understood, however, that this detailed description, while indicating preferred 
embodiments of the invention, is given by way of illustration only, since various changes and modifications within the 
spirit and scope of the invention will become apparent to those skilled in the art. It is also to be understood that the 
phraseology or terminology used herein is for the purpose of description and not limitation. 

so SUMMARY OF THE INVENTION 

[0012] Surprinsingly, a novel PMUF resin blend has been discovered. The novel resin has many advantageous prop- 
erties and is characterized in part by a high content of phenol (at least 10%wt of the resin) and a high content of 
melamine (at least 25wt% of the resin). 
55 [001 3] Thus, in accordance with the present invention there is provided: A thermosetting resinous adhesive compo- 
sition comprising: 

(a) a thermosetting resin composition comprising phenol, melamine, formaldehyde, and urea, said composition 
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comprising at least 25 weight percent of melamine, preferably 25 to 35 and most preferably 27 to 32 weight percent, 
and at least about 10 weight percent of phenol, preferably 11 to 16 weight percent; 

(b) a curing catalyst; 

(c) water added in an amount sufficient to impart a suitable viscosity. 

5 

[0014] Also provided is a stable copolymer resin precursor composition for use as a precursor to a thermosetting 
resinous adhesive composition, the precursor composition comprising phenol, melamine and formaldehyde, said com- 
position comprising at least bout 25 weight percent of melamine, preferably 25 to 35 and most preferably 27 to 32 
weight percent and at least 10 weight percent of phenol, preferably 11 to 16 weight percent. 
70 [0015] Also provided is a method for making the precursor and adhesive compositions of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0016] 



75 



Fig. 1 is a graphical illustration of the hardening speed of the resins of Examples 1 and 2 described herein; 

Fig. 2 is a graphical illustration of the viscosity profiles of the PMUF resin of the present invention with 15 parts of 

the resin curing catalysts of Example 1 and 10 parts of a formaldelyde scavenger, namely urea; 
Fig. 3 is a graphical illustration of the viscosity profiles of the PMUF resin of the present invention as described in 
20 Example 1 , at various temperatures; 

Fig. 4 is an Arrhenius plot of the PMUF resin of the present invention, showing the aging time and temperature 

required for the resin to reach a given viscosity; 
Fig. 5 is a graphical illustration of weight percent of phenol versus time for a PF Ratio of 2.2 for resins comprising 

various identified catalysts. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0017] The present invention relates to a phenol-melamin-urea-formaldehyde (PMUF) copolymer resin composition. 
Advantageously, the novel resin can be prepared in a single container and will remain stable, clear, water miscible and 
30 of low viscosity until ready for use. More specifically, the resin of the present invention remain stable at room temperature 
for over 1 month. The resin also remain clear up to their gel point. Once ready for use, a curing catalyst is added to 
the resin composition to achieve rapid gelling and curing. The resulting cured resin exhibits valuable properties of 
strength, toughness, water resistance of low formaldehyde emissions. 

[0018] Preferably, the resin of the present invention will contain about 11 to 16 wt% of phenol and about 25 to 35 
35 wt% of melamine. Most preferably, the resin will contain 27 to 32 wt%. 

[001 9] The phenolic content of the resin serves to render the copolymer (a) ionizable, (b) impart flexibility or toughness 
to the bond line (c) decrease the cost when compared to MF resins and (d) impart better water resistance to the finished 
product. 

[0020] The term "phenol" can include not only pure phenol but also other phenol compounds such as methylol phe- 
40 nols, resorcinols, cresols, aminophenols, carboxylated phenols, xylenols, chlorophenols, bisphenols A, a-naphtols, p- 
naphtols, and the like and mixtures thereof. 

[0021] The melamine content is used for cross-linking. Increasing cross-linking with sufficient melamine content in 
the resin will enhance cross-linking and avoid board swelling and will increase the strength of the finished product. 
[0022] The term 'melamine' again can include not only pure melamine but also alkylated and other melamine-like 
45 compounds known in the art, such as for example, methylolated melamines, aminopyridines, aminopyrimidines tri- 
azines with one or two amino groups such as ammeline, and mixtures thereof. 

[0023] The term "scavenger" refers to a compound, usually urea, which scavenges free formadehyde present in the 
resin so as to lower formadehyde emissions from the resin. 

[0024] Surprisingly, it has been found that the novel resins can be made to rapidly gel and cure by the addition of a 
so curing catalyst. Advantageously, the curing catalysts may 

[0025] The term "scavenger" refers to a compound, usually urea, which scavenges free formadehyde present in the 
resin so as to lower formadehyde emissions from the resin. 

[0026] Surprisingly, it has been found that the novel resins can be made to rapidly gel and cure by the addition of a 
curing catalyst. Advantageously, the curing catalysts may be selected from mixtures of aqueous ethylene glycol and 
55 formic acid at preferably 85% concentration/volume and preferably in the following range of volumetric proportions per 
total volume of the composition: 20 to 40 parts water; 10 to 40 parts ethylene glycol, and 40 to 60 parts formic acid. 
Optionally, the curing catalysts may be selected from any. suitable catalysts such as mixtures of citric acid, formic acid, 
water and maleic anhydride, preferably in the following range of volumetric proportions per total volume of the com- 
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position: 7 to 22 parts citric acid; 10 to 35 parts formic acid; 10 to 35 parts water; and 0 to 1 3 parts maleic anhydride. 
[0027] Advantagously, the novel ready-to-use resins may consist of about 100 parts of the novel copolymer blend 
and 15 parts of the curing catalyst(s). In such circumtances, the examples described herein show an extremely rapid 
curing rate of 40-60 sec at 100°C. 
s [0028] The present invention unexpectedly shows that the produced composite boards meet all environmental stand- 
ards of formaldehyde emissions including the E1 test as described hereinbelow in the Footnote below Table 1 under 
subsections (f) and (g). 

[0029] It has been shown that the E1 test is easily met by blending a copolymer composition of PMUF as will be 
described in the accompanying examples with 10 Referring to Table 1 to 3 below, the copolymer blend of the present 
10 invention was blended and cured with an acid catalyst, preferably formic acid. Curing was effected by thermoset at 
100°C within 60 seconds. Thus, cured particle boards were made at rates of more than 7m/min on a "Mende" line. 



Table 1. 



Particleboard Data; 6.35 mm thick board. 


Resin mix a 


Example 1 


Example 1 + commercial 
scavenger 


Press cycle (s) b 


30 


40 


30 


40 


Resinated particles moisture content (%) 


8.6 


8.6 


9.4 


9.4 j 


Density of board (kg/m 3 ) c 


635.9 


696.8 


660 


679.2 


Internal bond (MPa) c 


0.721 


1.144 


0.713 


0.936 


Internal bond (MPa) c « d 


0.442 


0.508 


0.373 


0.499 


Thickness swell (%) c « e 


13.4 


15.3 


14.1 


14.7 


Desiccator Value (mg/l) f 


1.28 


1.54 


0.59 


0.49 


Correlated LSTC Value (ppm)9 


0.36 


0.43 


0.17 


0.14 



a PMUF 100 parts + catalyst 1 S parts. Loading of resin onto the particles was kept at 14 parts based on resin solids. For example the PMUF (Ex 



30 1) which is 66.5 % solids, for every 1 00 g of dry particles, 24.2 g of the catalyzed resin were used. When the commercial scavenger (ARC 931 3) 

was used the total mix load (resin + catalyst + scavenger) was 26.3 g for 100 g of dry wood particles. No wax was used. Board nominal dimensions 
were: 45.7 cm X 45.7 cm X 0.635 cm. 

b Top platen temperature 140°C. Bottom platen temperature 150°C: to compensate for temperature differential with the additional caul plate. 
Pressing was done by closing and opening quickly. Cycle time is that for 0 daylight to 0 daylight. 
c These are the results for a second board pressed under the same conditions. 
55 d After boiling for 2 hours and drying. 

e After 24 hours soak at room temperature. 

f ASTM D5582-94 Determining formaldehyde levels from wood products using desiccator. Test performed by Forintek Canada Corp. 
9Correlated Value was determined by using the correlation curve established between the Large Scale Test Chamber and the Two-Hour Desiccator 
Test. Test performed by Forintek Canada Corp. 

40 



45 



50 



55 
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Table 3. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Particleboard Data: 6.35 mm thick board, with commercial scavenger and no wax. 


Resin mix a 


Example 1 


Example 2 


Press cycle (s) b 


50 


40 


30 


50 


40 


30 


Resinated particles 
moisture content (%) 


10.1 


10.1 


10.1 


9.9 


9.9 


9.9 


Density of board (Kg/m 3 ) 


698.4 


690.4 


663.2 


696.8 


682.4 


661.6 


Internal bond (MPa) 


0.967 


0.887 


0.521 


1.296 


1.193 


1.034 


Internal bond (MPa) c 


0.24 


0.206 


0.197 


0.547 


0.712 


0.587 


Tickness swell (%) d 


13.9 


13.9 


15.2 


14.6 


13.4 


13.3 



a PMUF 100 parts + 10 parts of commercial scavenger + acid catalyst 15 parts. Loading of resin onto the particles was kept at 14 
parts based on resin solids. For example for the PMUF (Ex 1) which is 63.69 % solids, for every 100 g of dry particles, 26.94 g of 
the catalyzed resin/scavenger mix were used. 
b Same as footnote b in Table 1 . 
c After boiling for 4 hours and drying. 
d After a 24- h soak at room temperature. 

[0030] The novel resin (100 parts) and an acid curing catalyst (15 parts), namely formic acid (85%ywater/maleic 
anhydride/citric acid in the ratio 50:50:19:31 , applied in the core at a 2.5 % loading based on resin solids, produces 
oriented strand boards which compare or are better depending on property measured than when 4,4'-diphenylmethane 
diisocyanate (MDI) is used in the core as the adhesive. This is shown in Table 4 to 6 on the next page. 
[0031] The resin of the present invention is thus capable of advantageously replacing existing MDI systems currently 
in use. At 7% loading, based on solid content of the resin, onto medium-density wood fibres (MDF), this resin catalysed 
with 15 parts of formic acid solution, produces MDF boards under conditions of steam pressing. This is shown in Table 
7 below. The catalysed resin mixed with 10 parts of wood flour and spread at room temperature on pine veneers and 
placed under vice pressure gives a good bond (>90% wood failure). 

Table 7. 



MDF Data 8 


Board thickness 


19.05 mm 


15.86 mm 


Resin mix 


PMUF+ 10 % cat (Ex1) 


PMUF+10%cat(Ex1) 


Press cycle (min) b 


7 


7 






5.5 








Resin-mix load on particles (%) 


10 


7.5 






5 








Resinated particles moisture content (%) 


12.6 


8.9 






7.9 








Density of board (kg/m 3 ) 


767.5 


771.4 






818.4 








Thickness attained (mm) 


17.83 


18.19 






15.72 








Internal bond (MPa) 


0.868 


0.771 






0.646 








Modulus of rupture (MPa) 


39.07 


28.16 






22.94 








Modulus of elasticity (MPa) 


3461 


2825 






2872 








Thickness swell (%) c 


3.8 


6.4 






10 








Absorption (%) c 


7.6 


9.4 






12.1 









D Platen temperature 110*0. Slack wax applied at 1% of dry material. 
°After a 24-h soak at room temperature. 
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[0032] In accordance with the present invention, the resin-curing catalyst blend has a pot life of 30-90 minutes which 
is entirely suitable for most industrial applications. After 30-90 minutes, the resin-curing catalyst blend will begin to gel 
and turn murky white. However, notwithstanding its curing speed when catalysed, the virgin resin blend is stable at 
55 25°C for over 20 days. 

[0033] Of jnterest, the fact that the curing-catalysed resin of the present invention cures quickly has not led to dele- 
terious pre-curing ejects. For "Mende" line applications with rollers at 180°C and rolling time of about 30 seconds, no 
detectable pre-curing was observed. 
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[0034] When making the initial virgin resin blend, a resn forming catalyst, preferably triethanolamine (TEA) at 85% 
concentration or other suitable non metallic base, may be used used to promote the condensation reaction wherein 
phenol and formadehyde condensate to form methylol phenol thereby imparting good flexibility and strength to the 
resulting adhesive once urea, water and the curing catalyst are added to the resin blend. 
5 [0035] Also when making the virgin intial resin blend, the pH of the blend may be adjusted upwards by adding a 
base, such as NaOH or other suitable alkali metal hydroxide. NaOH or other alkali metal hydroxide may also be used 
as a catalyst to promote the ionization of the PMUF resin. 

[0036] The present invention is illustrated in further detail by the following non-limiting examples. Each example 
providing resins and particle boards having the previously announced characteristics. 

10 

Characterization Methods: 

[0037] Different formulations have been prepared within the range of 63-46% non-volatiles or % solids (found by 
weighing 2 g of resin in an aluminum dish and heating at 125°C in a convection oven for 2 hours). These resins have 
15 gel times 700-900 seconds at 1 21 °C (Sunshine gel meter). Viscosities are reported at 25°C and measured with Brook- 
field LVF spindle #2 at 60 cycles per minute. Gel times at 121°C were measured with a Sunshine gel meter. 

Example 1: preparation of a PMF blend, resin precursor 

20 [0038] A mixture of 339.6 g of phenol, 620.7 g of formaldehyde (52%) and 65.1 g of triethanolamine (TEA) (85%) 
were heated to 90-94°C to viscosity ~ 50 mPa°s. The temperature was lowered to 70°C. Then, in succession, 12.1 g 
of 50% NaOH (pH adjustment to 8.5 to 9.2, preferably 8.7, 910.5 g of melamine and 630.0 g of formaldehyde (52%) 
were added. The mixture is heated to up to 85°C till clear and cooled to 80-82°C and stirred until achieving a viscosity 
of -450 mPa°s. The temperature was then lowered to 70°C and held at this temperature for a viscosity of 950-1000 

25 mPa°s. At this point 198.3 g of urea were dissolved. The reaction mixture was cooled and 77.2 g of 50% NaOH were 
added followed by 146.6 g of water. 

[0039] This resin has solid residue of 63.4%. A miscibility with water of 1 :0.36, a viscosity of 370 mPa«s, pH of 10.7, 
specific gravity 1 .2855, a gel time (at 12TC) of 960 s, free formaldehyde 1.14%. A mixture of 100 parts of this resin 
with 15 parts of the acid curing catalyst, gels at 100°C within 58 s (average of 3 trials) and remains clear for a period 
30 of ~- 50 minutes. 

[0040] The acid curing catalyst above was a solution of water/ethylene glycol/formic acid (85%) in the ratios of 3:2: 
5, respectively. 

[0041] The catalysed resin of example 1 , when mixed with wood or hard wood flour (10 parts resin to 1 part flour) 
may be advantageously used a cold set spread. The resulting bond in pine veneers is sufficiently strong to give better 
35 than 90% wood failure in the knife test. 

[0042] Turning now to Fig. 1 there is shown the speed of hardening of the PMUF resins of the present invention 
embodied in Examples 1 and 9. It is readily apparent that the speed of hardening is in the advantageous range of 40-60 
seconds at 100° C. 

[0043] In Fig. 2 there is shown the viscosity profiles of the PMUF resins of the present invention embodied in Example 
40 1 and comprising 10 parts of a urea scavenger for every 100 parts of PMF blend. Advantageously, it can be seen that 
the resin-catalyst blend of the present invention produces a blend with an in itial period of low viscosity of 1 25-1 50 mPa°s. 
[0044] In Fig. 3 there is shown the viscosity profiles of the same resin embodied in Example 1 at various temperatures, 
namely, 40, 55 and 75°C. 

[0045] The effect of accelerated aging of the resin of Example 1 is shown in the Arrhenius equation plot of Fig. 4. 
45 [0046] In Fig. 5 there is shown (using various resin forming catalysts, namely NaOH and TEA at various concentra- 
tions) the weight percentage of phenol in the resin of the present invention wherein the P/F ratio was, for the purpose 
of example, set at 2.2. 

Examples 2 and 3 

so 

[0047] Procedure is similar to example 1 but with amounts expressed in grams given below. 



55 



9 



EP 0 915 141 A1 



Ingredients 


Example 2 


wt % 


Example 3 


Wt 
% 


Phenol 


469 


15.63 


349 


11.05 


Formaldehyde (52%) 


469 


15.63 


492 


15.58 


Triethanolamine (85%) 


68.3 


2.28 


67 


2.12 


NaOH (50%) 


14 


0.47 


13.5 


0.43 


Melamine 


750 


25.0 


978 


30.96 


Formaldehyde (52%) 


786 


26.2 


827 


26.18 


Urea 


209 


6.96 


205 


6.49 


NaOH (50%) 


81 


2.70 


76 


2.40 


H,0 


155 


5.16 


151.4 


4.79 



25 Example 2 

[0048] This resin has solid residue of 63.69%. A miscibility with water of 1:0.35, a viscosity of 383 mPa-s, pH of 
10.75, specific gravity 1.2742, a gel time (at 121°C) of 874 s, free formaldehyde 1 .29%. A mixture of 100 parts of this 
resin with 15 parts of the acid catalyst (example 1), gels at 100°C within 51-54 s and remains clear for a period of ~ 
30 60 minutes. 

Example 3 

[0049] This resin has solid residue of 66.21 %. A miscibility with water of 1 :0.82, a viscosity of 362.5 mPa*s, pH of 
35 11.14, specific gravity 1.2968, a gel time (at 121°C) of 861 s, free formaldehyde 1 .08%. A mixture of 100 parts of this 
resin with 15 parts of the acid catalyst (example 1), gels at 100°C within 48-49 s and remains clear for a period of ~ 
45 minutes. 

Example 4 

40 

[0050] The mixture of 409.9 g of m-cresol, 584.3 g of formaldehyde (52%) and 57. 1 g of triethanolamine (85%) were 
heated to 90-94 9 C to viscosity ~ 50 mPa*s. The temperature was lowered to 70°C. Then, in succession, 6.4 g of 50% 
NaOH, 951 .9 g of melamine and 630.0 g of formaldehyde (52%) were added. The mixture is heated to up to 95°C till 
clear and cooled to 80-82°C. Then 14.3 g of 50% NaOH were added. The temperature was then lowered to 70°C and 
45 held at this temperature for a viscosity of ~ 1525 mPa»s. At this point 213.6 g of urea were dissolved. The reaction 
mixture was cooled and 75.9 g of 50% NaOH were added followed by 157.7 g of water. 

[0051] This resin has solid residue of 63.37%. A viscosity of 550 mPa-s, water miscibility 1 :0.2, pH of 1 1 .45, specific 
gravity 1.2827, a gel time (at 121°C) of 442 s, free formaldehyde 1.55%. A mixture of 100 parts of this resin with 15 
parts of the acid catalyst (example 1 ), gels at 100°C within 44-45 s and remains clear for a period of ~ 60 minutes. 

so 

Example 5 

[0052] The mixture of 346 g of phenol, 467 g of formaldehyde (52%) and 1 0.7 g of 50% NaOH were heated to 62-64°C 
to viscosity ~ 50 mPa»s. The temperature was increased to 70°C. Then, in succession 910 g of melamine and 783 g 
ss of formaldehyde (52%) were added. The mixture is heated to up to 87°C till clear. Cooled to 70°C and held to a viscosity 
-975 mPa»s. Then, 1 99 g of urea were dissolved. The reaction mixture was cooled and 77 g of 50% NaOH were added 
followed by 147 g of water. 

[0053] This resin has solid residue of 65.39%. A miscibility with water of 1 :0.48, a viscosity of 340 mPa»s, pH of 1 1 .3, 
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specific gravity 1.2978, a gel time (at 121°C) of 855 s, free formaldehyde 1.02%. 

Example 6: Percent decrease of phenol with time with different catalysts: 

s [0054] To determine the decrease of phenol with time four different experiments were carried out by reacting phenol 
and formaldehyde (52%) with different amount of catalysts at temperature of 62°C for NaOH catalysis and at 94°C for 
catalysis by TEA. At various intervals an aliquot was taken, cooled to 0°C to quench the reaction, and the amount of 
unreacted phenol determined by GC (FID detector). 

[0055] For the GC experiments an internal standard was used (either ethylene glycol or m-cresol) and a calibration 
io curve was made before the individual samples were analyzed. The oven temperature was kept at 175°C, injector and 
detector temperature at 1 90°C. The attenuation on the GC was 256 and range of sensitivity at 1 0" 12 . An integrator was 
used to obtain the peak areas and these, in turn, were used to make calibration curves and calculate the final % phenol 
in. the reaction batch. The final results are plotted in Figure 5. The outcome of these experiments serve to show that 
triethanolamine gives the lowest amount of residual phenol. Whereas NaOH catalyzed reaction proceeds at a faster 
is rate, but the final amount of free phenol is higher probably because the pK's (ionization is 100% with NaOH curing 
catalyst) of the various methylol phenols formed are lower than phenol contributing to a faster advancement (to higher 
molecular weights) and faster consumption of formaldehyde. The mechanism of catalysis with trietanolamine is ap- 
parently one that does not contribute to complete ionization of phenol with the possibility of some hindrance of the ion- 
air formation. This effect imparts more selectivity on the smaller molecules such as free phenol so that it can react in 
20 preference. It is we II -documented that coordination with metal ions greatly affects the direction of the reaction between 
phenol and formaldehyde. 

Example 7 

25 [0056] The mixture of 563 g of phenol, 2073 g of formaldehyde (52%) and 108 g of triethanolamine (85%) were 
heated to 90-94°C to viscosity -50 mPa°s. The temperature was lowered to 70°C. Then, in succession, 20 g of 50% 
NaOH and 1510 g of melamine were added. The mixture is heated to up to 85°C till clear and cooled to 80-82° and 
stirred until a viscosity of -450 mPa*s. The temperature was then lowered to 70°C and held at this temperature for a 
viscosity of 950-1000 mPa*s. At this point 329 g of urea were dissolved. The reaction mixture was cooled and 128 g 

30 of 50% NaOH were added followed by 169 g of water. 

[0057] This resin has solid residue of 65.29%. A viscosity of 315 mPa«*s, water miscibility 1:0.2, pH of 10.52, specific 
gravity 1.2971, a gel time (at 121°C) of 874 s, free formaldehyde 1.09%. A mixture of 100 parts of this resin with 15 
parts of the acid catalyst, gels at 100°C within 54-58 s and remains clear for a period of «- 60 minutes. 
[0058] The catalyst above is made up of citric acid, formic acid (85%), water and maleic anhydride in a ratio 9.3:1 5: 

35 15:5.7. 

Example 8: Conditions for OSB application: 

[0059] The resin and catalyst system of example 7 were used to compare performances in oriented strandboard 
40 (OSB) with another commercial PF core resin and methylenebis (4-phenylisocyanate) (MDI) and a commercial surface 
resin. The dosages are circa 2.5% (of resin solids) to 100 g of dry wood. The liquid surface resin (PF-LS) solid content 
is 60% and 150 mPa°s with low tack. The commercial liquid core resin (PF-LC) is 48% solids and 200 mPa°s viscosity 
and requires 4% of promoter for best performance. MDI is considered as 100% solids and requires a minimum of 5% 
moisture in the wood. All parameters were kept as constant as possible among the different experiments. The results 
45 are given in Table 2. The main drawback to the workability of the PMUF example 7 is its high tackiness otherwise it 
performs as well as MDI in speed and water properties for the 11.1 and 19.05 mm thick boards. MDI appears to be 
marginally better in 28.6 mm thick boards than the PMUF. 

Example 9: Conditions for cold-set application: 

so 

[0060] To the resin (example 1 ) and catalyst (ethylene glycol/formic acid 2:3) mix was added 10 parts of hardwood 
flour 140 mesh, then spread on three layers of pine veneers -5 x 10 cm with an applied pressure of 1 kg weight at 
room temperature. After 24 hours the knife test showed > 90% wood failure. 

[0061] In summary, the PMUF components of the resin of the present invention provided in examples 1, 2, 3, 4 and 
55 7 are as follows: 



11 



EP 0 915 141 A1 



Example 


% Formaldehyde (total F + UF) 


% Phenol 


% Melamine 


% Urea (total U + UF) 


1 


21.67 


11.32 


30.35 


6.61 


2 


21.75 


15.63 


25.00 


6.97 


3 


21.71 


11.05 


30.96 


6.49 


4 


20.36 


13.22 


30.69 


6.89 


7 


22.00 


11.49 


30.82 


6.71 



[0062] Thus, the present Invention provides a novel resin blend formulation having equal or better properties than 
known resins. In addition, an unexpectedly simple method of preparation was disclosed. 

[0063] Although the present invention has been described herein above by way of preferred embodiments thereof, 
it can be modified, without departing from the spirit and nature of the subject invention as defined in the appended 
claims. 
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Claims 

1 . A thermosetting resinous adhesive composition comprising: 

(a) a thermosetting resin composition comprising phenol, melamine, formaldehyde, and urea, said composition 
comprising at least 25 weight percent of melamine and at least 10 weight percent of phenol; 

(b) a curing catalyst; 

(c) water added in an amount sufficient to impart a suitable viscosity. 

2. The thermosetting resinous adhesive composition of claim 1 wherein said resin composition comprises about 25 
to 32 weight percent of melamine and about 11 to 16 weight percent of phenol. 

3. The thermosetting resinous adhesive composition of claim 2 wherein said resin composition comprises about 27 
to 32 weight percent of melamine and about 11 to 16 weight percent of phenol. 

4. The thermosetting resinous adhesive composition of claim 3 wherein said resin composition comprises about 5 to 
10 weight percent of urea. 

5. The thermosetting resinous adhesive composition of claim 4 wherein said resin composition further comprises a 
resin forming catalyst selected from triethanolamine, alkali metal hydroxide(s) and mixtures thereof. 

6. The thermosetting resinous adhesive composition of claim 5 wherein said alkali metal hydroxide is NaOH. 

7. The thermosetting resinous adhesive composition of claim 1 wherein said curing catalyst comprises aqueous eth- 
ylene glycol and formic acid. 

8. The thermosetting resinous adhesive composition of claim 7 wherein said curing catalyst comprises comprises 
aqueous ethylene glycol and formic acid at 85 % concentration/volume in the following range of volumetric pro- 
portions per total volume of the composition: 

~> 

20 to 40 parts water 

10 to 40 parts ethylene glycol, and 

40 to 60 parts formic acid. 

9. The thermosetting resinous adhesive composition of claim 1 wherein said curing catalyst comprises citric acid, 
formic acid, water and anhydride in the following range of volumetric proportions per total volume of the compo- 
sition: 

7 to 22 parts citric acid 
1 0 to 35 parts formic acid 



12 



EP 0 915 141 A1 



10 to 35 parts water, and 

0 to 13 parts maleic anhydride. 

10. A stable copolymer resin precursor composition for use as a precursor to a thermosetting resinous adhesive com- 
position, said precursor composition comprising phenol, melamine and formaldehyde, said composition comprising 
at least 25 weight percent of melamine and at least 10 weight percent of phenol. 

11. The precursor composition of claim 8 further comprising resin forming catalysts selected from triethanolamine, 
alkali metal hydroxide(s), and mixtures thereof. 

12. In a method for the preparation of thermosetting resinous adhesive compositions as defined in claim 1 , said method 
comprising blending phenol, formaldehyde, melamine, urea, sodium hydroxide and water, said method being char- 
acterized in that said adhesive compositions, prior to adding sodium hydroxide and water, comprise at least 25 
weight percent of melamine and at least 10 weight percent of phenol. 

13. An engineered wore product containing the thermosetting resinous adhesive of claim 1 . 

14. The engineered wood product of claim 13 wherein said product is an oriented strand board. 

15. The engineered wood product of claim 13 wherein said product is fiber board. 

16. The engineered wood product of claim 1 3 wherein said product is plywood. 

17. The engineered wood product of claim 1 3 wherein said product is polylaminated veneer. 

18. The engineered wood product of claim 1 3 wherein said product comprises recycled waste wood material. 
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♦ Resin/Catalyst of Example 1 
□ Resin/Catalyst of Example 9 
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Figure I. Speed of hardening of PMUF resins and acid co-catalysts. 
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Figure 2. Viscosity profiles of PMUF resin with 15 parts of co-catalysts 
(Example 1) and 10 parts of scavenger. 
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Figure 3. Viscosity profiles for PMUF resin (Example 1) at 75, 55, and 40°C by 
Gardner-Holt bubble rube. 
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Figure 4. Anhenius plot for PMUF resin (Example I) to reach 700 mPa s. The 
shaded square symbols are the values taken from Figure 3 (above). At 25*C this 
plot shows that the resin after aging 20 days wiD have t viscosity of 700 mPa s, 
whereas at 10°C h will have to age for 170 days to reach the same viscosity. 
When a sample of the PMUF (Example 1) is aged it 2S°C the viscosity value 
after 21 days is 670 mPa s. This value is indicated as a shaded circfc. 
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Figure 5. Profiles of Phenol (as % of batch weight) versus Time for a PF Ratio 2.2 
and various catalysts. 
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